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 ﺑﻪ ىﺑﯿﻤﺎرﻳﻦ اﺳﺖ. اﮔﺮﻓﺘﻪ ار ﻗﺮه ﻳﮋوﺗﻮﺟﻪ رد ﺷﺖ ﻣﻮاﺑﻬﺪ یﺟﻬﺎﻧ نﻣﺎزﺳﺎ ﺗﻮﺳﻂ اﺧﯿﺮاﮐﻪ 
 ﻋﺎﻣﻞ انﻋﻨﻮ ﺑﻪ نﭘﺎﻳﺎ رﭼﻬﺎ و ارانﻋﻠﻔﺨﻮ در و نﻧﺴﺎا در ﻣﯽﻋﻤﻮ ﺷﺖاﺑﻬﺪ ﻟﻮﻳﺖاو ﻳﻚ انﻋﻨﻮ
. ﻋﻮاﻣﻞ ﺗﻌﯿﯿﻦ ﮐﻨﻨﺪه و ﻣﮑﺎﻧﯿﺰم ﻫﺎی دﺷﻮ ﻣﯽ ﺷﻨﺎﺧﺘﻪ دىﻗﺘﺼﺎا ىﻫﺎرﺿﺮ هﻛﻨﻨﺪ ﻞيﺗﺤﻤ
ﺰﺑﺎن ﺗﺎ ﺣﺪ زﯾﺎدی ﻧﺎﺷﻨﺎﺧﺘﻪ اﺳﺖ. ﻣﯿﻣﻮﻟﮑﻮﻟﯽ ﭘﺎﯾﻪ در ﺗﮑﺎﻣﻞ اﮐﯿﻨﻮﮐﻮک و ارﺗﺒﺎط اﻧﻬﺎ ﺑﺎ 
 و ﺷﺪر نﻣﻜﺎاو  ﯾﯽﻧﻬﺎ و ﺳﻂوا نﺑﺎﺰﻣﯿ در وتﻣﺘﻔﺎ ىﻫﺎ مﻓﺮﮔﯿﺮی ﺷﻜﻞ در ﻧﮕﻞ ا ﯾﯽﻧﺎاﺗﻮ
 ،ﻫﺎ ﺳﻜﻮﻟﻜﺲاﺗﻮوﭘﺮ ﻛﻪ اى ﺑﮕﻮﻧﻪ ﺳﺖا ﺗﻮﺟﻪ ﻗﺎﺑﻞ ﻧﯿﺰ یﻣﺎﻳﺸﮕﺎﻫآز ﻳﻂاﺷﺮ در ﻧﮕﻞا ﺗﻤﺎﻳﺰ
 ﻣﯽﺷﻜﻞ  را دﻣﺘﺎﺳﺴﺘﻮ ﻣﺸﺎﺑﻪ ﺳﯿﺴﺘﯿﮏ ىﻫﺎرﺳﺎﺧﺘﺎ ﻳﺎ و ﺑﻨﺪ ﺳﻪ از ﺑﯿﺶ ﻳﺎ ﺳﻪ ﺑﺎ ﺑﺎﻟﻎ مﻛﺮ
اﺳﺖ ﮐﻪ در ﺑﺴﯿﺎری ﻓﻌﺎﻟﯿﺖ 2aC +( ﯾﮏ ﭘﺮوﺗﺌﯿﻦ ﻣﺘﺼﻞ ﺷﻮﻧﺪه ﺑﻪ MaCﮐﺎﻟﻤﻮدوﻟﯿﻦ )ﻫﻨﺪ. د
اﺳﺖ  ﻣﻬﻢ ﭘﺮوﺗﺌﯿﻦ ﻏﺸﺎﯾﯽﯾﮏ  )PST(ﺗﺘﺮاﺳﭙﺎﻧﯿﻦﺧﺎﻧﻮاده  ﯽ ﻧﻘﺶ دارد. ﻫﻤﭽﻨﯿﻦﺳﻠﻮﻟﻫﺎی 
در اﯾﻦ ﻣﻄﺎﻟﻌﻪ،  ﻧﻘﺶ دارﻧﺪ. ﻫﺎ ﮐﻪ در ﺑﺴﯿﺎری از ﻓﺮآﯾﻨﺪﻫﺎی ﻓﯿﺰﯾﻮﻟﻮژﯾﮑﯽ ﯾﻮﮐﺎرﯾﻮت
 ANRsdاﺧﺘﺼﺎﺻﯽ ﮐﺎﻟﻤﻮدوﻟﯿﻦ و  ANRisاز  ﻧﺎﺷﯽﺗﻐﯿﯿﺮات ﻣﻮﻟﮑﻮﻟﯽ و ﻣﺮﻓﻮﻟﻮژﯾﮑﯽ 
در ﻣﺮاﺣﻞ ﻣﺨﺘﻠﻒ ﺗﮑﺎﻣﻠﯽ اﮐﯿﻨﻮﮐﻮﮐﻮس ﮔﺮاﻧﻮﻟﻮزوس ﻣﻮرد ﺑﺮرﺳﯽ  ١اﺧﺘﺼﺎﺻﯽ ﺗﺘﺮاﺳﭙﺎﻧﯿﻦ
 ﻗﺮار ﮔﺮﻓﺖ.
 از هﻣﺪآ ﺑﺪﺳﺖ ﻫﯿﺪاﺗﯿﺪ ىﻫﺎ ﮐﯿﺴﺖى ﺳﻜﻮﻟﻜﺲ ﻫﺎاﺗﻮوﻳﻦ ﻣﻄﺎﻟﻌﻪ ﭘﺮدر ا ﻣﻮاد و روش ﻫﺎ:
 و ﯾﯽزا ﺑﻨﺪ ﺮيﻣﺴ در ﺗﮑﺎﻣﻠﯽ ىﻓﺮﻣﻬﺎ ﺑﻪ یﻳﺎﺑ ﺳﺖد ﺟﻬﺖ زىﻓﺎ دو ﻣﺤﯿﻂان در ﻛﺒﺪ ﮔﻮﺳﻔﻨﺪ
ﻧﺪ. ﺳﭙﺲ ﺗﺪاﺧﻞ ﺷﺪ داده ﻛﺸﺖ یﺴﺘيﺳوﻜﺮيﻣ مﻓﺮ ﺑﻪ نﺪيﺳر ﺟﻬﺖ زىﻣﻮﻧﻮﻓﺎ ﻣﺤﯿﻂ در
ژن ﻫﺎی ﻣﻮرد ﻧﻈﺮ ﺑﺎ روش ﻫﺎی ﻣﺨﺘﻠﻒ ﺗﺮاﻧﺴﻔﮑﺸﻦ )اﻟﮑﺘﺮوﭘﻮرﯾﺸﻦ، ﺳﻮﮐﯿﻨﮓ ﯾﺎ  ANR
ﺮوﺳﻮﮐﯿﻨﮓ( ﺑﺮروی ﻣﺮاﺣﻞ ﻣﺨﺘﻠﻒ اﻧﮕﻞ آزﻣﺎﯾﺶ ﺷﺪ و در اداﻣﻪ ﺑﯿﺎن ژن ﻫﺎ ﺘﺧﯿﺴﺎﻧﺪن و اﻟﮑ
ﺳﺎﯾﺰ اﻧﮕﻞ، اواژﯾﻨﻪ ﺷﺪن ﭘﺮوﺗﻮاﺳﮑﻮﻟﮑﺲ، ﺣﺮﮐﺖ اﻧﻘﺒﺎﺿﯽ و ﺗﻐﯿﯿﺮات ﻓﻨﻮﺗﯿﭙﯽ)وﯾﺎﺑﯿﻠﯿﺘﯽ، 
 و ﺗﻐﯿﯿﺮات ﻣﺮﻓﻮﻟﻮژﯾﮑﺎل ﺗﮕﻮﻣﻨﺖ( ﻣﺮاﺣﻞ ﻣﺨﺘﻠﻒ اﮐﯿﻨﻮﮐﻮﮐﻮس ﻣﻮرد ﺑﺮرﺳﯽ ﻗﺮار  ﮐﺮم ﻫﺎ
 .ﮔﺮﻓﺖ
اﺧﺘﺼﺎﺻﯽ ﮐﺎﻟﻤﻮدوﻟﯿﻦ ﺑﺎﻋﺚ ﮐﺎﻫﺶ ﺑﯿﺎن  ANRisﻧﺘﺎﯾﺞ اﯾﻦ ﻣﻄﺎﻟﻌﻪ ﻧﺸﺎن داد  ﯾﺎﻓﺘﻪ ﻫﺎ:
ﯿﻨﻮﮐﻮﮐﻮس ﻧﺴﺒﺖ ﺑﻪ ﮔﺮوﻫﻬﺎی ﻣﺮاﺣﻞ ﻣﺨﺘﻠﻒ اﻧﮕﻞ اﮐ ژن ﮐﺎﻟﻤﻮدوﻟﯿﻦ در درﺻﺪی ٩٩-٥٦
ﺷﻮد. ﻫﻤﭽﻨﯿﻦ ﺳﺮﮐﻮب اﯾﻦ ژن ﻣﻨﺠﺮ ﺑﻪ  ﻣﯽ ANRisﮐﻨﺘﺮل ﺑﺪون ﺗﯿﻤﺎر و ﮐﻨﺘﺮل ﻣﻨﻔﯽ 
ﺷﺪ. در  ﮏﻓﻮﻟﻮژﯾﺮﮐﺎﻫﺶ وﯾﺎﺑﯿﻠﯿﺘﯽ و ﻣﺘﻮﻗﻒ ﮐﺮدن ﺣﺮﮐﺖ اﻧﻘﺒﺎﺿﯽ ﮐﺮم ﻫﺎ و ﺗﻐﯿﯿﺮات ﻣ
ﻣﻨﺠﺮ ﺑﻪ ﮐﺎﻫﺶ ﺑﯿﺎن اﯾﻦ ژن،  ANRsdﺑﻮﺳﯿﻠﻪ ی  ١اداﻣﻪ ﺳﺮﮐﻮب ﺑﯿﺎن ژن ﺗﺘﺮاﺳﭙﺎﻧﯿﻦ
ﻣﻄﺎﻟﻌﺎت ﯿﺘﯽ، ﮐﺎﻫﺶ ﺣﺮﮐﺖ ﮐﺮم ﻫﺎی ﺑﺎﻟﻎ و ﺗﻮﻗﻒ ﺑﻨﺪزاﯾﯽ ﺷﺪ. ﻫﻤﭽﻨﯿﻦ ﮐﺎﻫﺶ وﯾﺎﺑﯿﻠ
ﺑﺎﻋﺚ ﺗﻐﯿﯿﺮات ﮔﺴﺘﺮده در  ١ﺳﺮﮐﻮب ﺗﺘﺮاﺳﭙﺎﻧﯿﻦاوﻟﺘﺮا اﺳﺘﺮاﮐﭽﺮ ﺑﺮ روی اﯾﻦ ژن ﻧﺸﺎن داد ﮐﻪ 
   ﺷﻮد ﻣﯽﺗﮕﻮﻣﻨﺖ ﮐﺮم ﻫﺎی ﺑﺎﻟﻎ 
ﮐﺎﻟﻤﻮدوﻟﯿﻦ در رﺷﺪ و ﺗﮑﺎﻣﻞ و ﺣﺮﮐﺖ ﻫﺎی اﻧﻘﺒﺎﺿﯽ اﻧﮕﻞ  ژن ﺖﻤﯿاﻫو ﻧﻘﺶ  ﻧﺘﯿﺠﻪ ﮔﯿﺮی:
 ﻣﯽا ﺳﺮﮐﻮب ﺑﯿﺎن اﯾﻦ ژن ﺑﺎﻋﺚ ﺗﺪاﺧﻞ در ﺗﮑﺎﻣﻞ و ﺣﺮﮐﺖ اﻧﮕﻞ ﻫﺎ ﻳﺮزﺳﺖ ا ﺗﻮﺟﻪﻗﺎﺑﻞ 
ﺗﻮاﻧﺪ ﻧﻘﺶ ﺑﺴﺰاﯾﯽ در  ﻣﯽاﯾﻦ ژن ﻧﺸﺎن داد ﮐﻪ  ١ﺗﺘﺮاﺳﭙﺎﻧﯿﻦﺮﮐﻮب ﺷﻮد. ﻫﻤﭽﻨﯿﻦ ﺳ
 اﯾﻦ ﻣﻄﺎﻟﻌﻪ ﻧﺸﺎن داد ﺑﺎ اﺳﺘﻔﺎده از اﺑﺰار ﻧﻬﺎﯾﺖﺗﺸﮑﯿﻞ و ﺗﻮﻟﯿﺪ ﺗﮕﻮﻣﻨﺖ داﺷﺘﻪ ﺑﺎﺷﺪ. در 
ﮐﻪ ﺑﺮای ﺗﮑﺎﻣﻞ اﻧﮕﻞ ﻫﺎ ﻧﻘﺶ دارﻧﺪ ﺷﻨﺎﺳﺎﯾﯽ و ﺗﻮان ژن ﻫﺎی اﺳﺎﺳﯽ  ﻣﯽ ANRﻣﺪاﺧﻠﻪ 
  ﺗﻮﺳﻂ اﯾﻦ ژن ﻫﺎ ﮐﺎﻧﺪﯾﺪا ﻫﺎی ﺑﺎﻟﻘﻮه اﯾﯽ ﺑﻪ ﻋﻨﻮان دارو ﯾﺎ واﮐﺴﻦ ﻣﻌﺮﻓﯽ ﻧﻤﻮد. 
 ANRsd، ANRis ، ﺗﺘﺮاﺳﭙﺎﻧﯿﻦ، ﮐﺎﻟﻤﻮدوﻟﯿﻦ، روىﻻم ﻓﺮ، ﺑﺎﻟﻎم ﻛﺮ زوس،ﻧﻮﻟﻮاﮔﺮ اﮐﯿﻨﻮﮐﻮﮐﻮس ﮐﻠﻤﺎت ﮐﻠﯿﺪی:
 
 
 Abstract 
Background and objectives: Cystic echinococcosis, caused by the cestode 
Echinococcus granulosus, is a neglected tropical disease that results in the 
mortality and humans as well as a problem of worldwide importance in 
livestock industry. The determinants and underlying molecular mechanisms 
of Echinococcus development in different host settings is largely unknown. 
The phenomenal bi-directional development of E. granulosus protoscoleces 
into multi-proglottid and/or microcysts, is a fascinating feature of the 
parasite cultivation. Calmodulin (CaM) is the major intracellular Ca2+ 
binding protein in plant and animal organisms. Tetraspanins (TSP) family of 
proteins are transmembrane proteins with a role in many physiological 
processes of eukaryotic organisms. In this study, we investigated the 
molecular and morphological changes induced by siRNA on EgCaM and 
dsRNA on EgTSP1 in different in vitro stages of E. granulosus. 
Materials and methods: Three developmental stages of the tapeworm, 
protoscoleces, microcysts and strobilated worms, were cultivated in vitro in 
monophasic (DMEM or RPMI) and diphasic (CMRL1066) media and three 
 delivery methods, i.e. electroporation, soaking and electro-soaking, were 
used for RNA interference. The level of mRNA suppression as well as the 
phenotypic changes (viability, evagination, morphometric, contraction body, 
strobilization, morphology alteration and ultrastructural properties) of the 
parasites were measured. 
Results: Following RNA interference, EgCaM mRNA suppressions of 65-
99% were recorded in different stages of the tapeworm as compared to 
untreated / unrelated siRNA controls. Silencing expression of EgCaM in 
different stages of E. granulosus resulted in reduced viability and body 
contractions and morphological changes.  After 3 days post-treatment, 
EgTSP1 expression was reduced significantly in all different stages of E. 
granulosus as compared to irrelevant/unrelated dsRNA and untreated 
controls. Silencing expression of EgTSP1 in different stages of E. 
granulosus resulted in reduced viability and body contractions, inhibition of 
protoscoleces evagination and distinctive tegumental changes. 
Ultrastructural morphology of the strobilated worms treated with EgTSP1-
 specific dsRNA was indicative of the microtriches impairments and 
vacuolated tegument compared to the control helminths. 
Conclusion: Lower viability, growth retardation, morphological abnormalities 
as well as EgCaM expression suppression were documented in the 
parasite implying potential of siRNA technology for the prevention and 
management of CE. Also, results of the present study suggest that EgTSP1 
plays important structural role in tegument configuration in E. granulosus. 
EgTSP1 is proved to be a potential target for the development of vaccines 
and RNAi-based drugs. 
Keywords: RNA interference; Calcium-binding protein; Protoscoleces; 
Microcysts; Strobilation; Echinococcosis; 
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